Introduction
T he all-oral combination of the nonstructural protein 5A inhibitor daclatasvir (DCV) and the nonstructural protein 5B inhibitor sofosbuvir (SOF) exhibits activity against all major hepatitis C virus (HCV) genotypes.
(1,2) DCV1SOF, with or without ribavirin (RBV), has provided high rates of sustained virologic response and was generally well tolerated in multiple phase 3 studies in patients infected with HCV and with challenging-to-treat disease characteristics, including posttransplant recurrence, advanced cirrhosis, genotype 3 infection, and coinfection with human immunodeficiency virus. (3) (4) (5) (6) (7) DCV1SOF is now one of the regimens recommended by major treatment guidelines. (8, 9) Real-world early access initiatives ahead of local marketing authorizations can provide treatment options to patients with underlying disease characteristics who would likely be excluded from clinical studies. Globally, approximately 7,000 patients with chronic HCV infection have received treatment with DCV through such early access initiatives. The majority had advanced underlying disease, including decompensated cirrhosis, hepatocellular carcinoma, and/or posttransplant HCV recurrence. Real-world data collected in Europe from patients treated under these initiatives have been published. (10) (11) (12) We present the final data from an early access program conducted in the United States in which patients with advanced disease received treatment with DCV1SOF6RBV. Patients with any HCV genotype and decompensated cirrhosis or severe posttransplant HCV recurrence with cirrhosis, advanced fibrosis, or fibrosing cholestatic hepatitis (FCH), were eligible to enroll. There were no approved oral direct-acting antiviral regimens at the time of the initiation of this program other than SOF1RBV.
Participants and Methods

PROGRAM DESIGN AND TREATMENT
This early access program (NCT01474811) was conducted in partnership with the HCV-TARGET consortium, whose methodologies in studies unrelated to this program have been reported. (13) (14) (15) (16) (17) This early access program enrolled adults aged 18 years who had chronic HCV infection (any genotype) and decompensated Child-Pugh class C cirrhosis or were prior liver transplant recipients with recurrent HCV infection and advanced fibrosis/cirrhosis (Metavir F3-F4) or FCH. All patients had life expectancies of less than 12 months at the time of enrollment as assessed by the investigator, in accordance with general guidance for compassionate use programs in the United States. There were no Model for End-Stage Liver Disease (MELD) score restrictions at enrollment. Patients with creatinine clearance 30 mL/minute or clinical or pathologic evidence of acute ongoing liver graft rejection, women who were pregnant, and women of child-bearing potential not using appropriate contraception were excluded.
Patients were enrolled at 15 Target-HCV centers in the United States from August 2014 to October 2015 and were to receive DCV 60 mg and SOF 400 mg once daily for 24 weeks. The addition of RBV was permitted at the discretion of the treating physician following consultation with the program medical monitor. After the treatment, patients entered follow-up for 24 weeks. DCV dose adjustments were permitted where drug-drug interactions were predicted and no alternative concomitant medication was available; once-daily doses of DCV were reduced to 30 mg when given with strong inhibitors of cytochrome P450 3A4 and/or P-glycoprotein and increased to 90 mg when given with moderate inducers of cytochrome P450 3A4 or P-glycoprotein. P-glycoprotein substrates with a narrow therapeutic index and substrates of organic anion-transporting polypeptide 1B1/B3 and breast cancer resistance protein were co-administered with caution. Concomitant use of strong inducers of cytochrome P450 3A4 or P-glycoprotein, cytochrome P450 3A4 substrates with a narrow therapeutic index, and amiodarone were prohibited. Liver disease stage, cirrhosis, and presence of FCH were determined by the investigator per local practices.
All patients provided written informed consent prior to participation, and the program was conducted in accordance with the ethical principles described in the Declaration of Helsinki. The protocol was reviewed and approved at each site by the local institutional review board and ethics committee.
EFFICACY AND SAFETY ASSESSMENTS
All assessments adhered to local standard-of-care guidelines for disease monitoring and follow-up and per the operational management of the HCV-TARGET consortium. (18) Visits to assess safety and collect blood samples for laboratory assessments were conducted at baseline, on-treatment weeks 4, 12, and 24, and posttreatment weeks 12 and 24. Serum HCV RNA was quantified at each center using local methods. Safety was assessed as adverse events (AEs), clinical laboratory abnormalities, serious adverse events (SAEs), AEs leading to discontinuation, and death. Patients were monitored throughout the program up to the posttreatment week 12 visit or within 30 days of discontinuation. All drug-related AEs were monitored until either resolution or stabilization.
ENDPOINTS
The primary efficacy measure was the proportion of patients achieving sustained virologic response (SVR) at posttreatment week 12 (SVR12), defined as HCV RNA less than the lower limit of quantification (LLOQ), target detected or not detected, at posttreatment week 12 (64 days after the end of treatment to account for regional standard-of-care assessments). SVR24 was also measured.
Virologic failure categories included relapse (HCV RNA > LLOQ at any posttreatment visit after HCV RNA < LLOQ, target detected or not detected, at end of treatment), virologic breakthrough (HCV RNA LLOQ on-treatment after HCV RNA < LLOQ, target detected or not detected), and other on-treatment virologic failures (HCV RNA never < LLOQ). Safety endpoints included AEs (including transplant rejection), SAEs, discontinuations due to AEs, death, and clinical laboratory abnormalities.
STATISTICAL ANALYSES
Enrollment was based on the clinical need for treatment rather than statistical considerations; thus, there was no powering to establish a treatment effect. The primary population for efficacy analyses (modified intention-to-treat [mITT]) included patients who had received 1 dose of the program regimen. Patients without virologic failure who were lost to follow-up (on treatment), withdrew informed consent, or withdrew for undocumented reasons were excluded; those with missing data (who died or who were lost to posttreatment follow-up) were imputed as treatment failures. Sensitivity analyses were also performed based on the intention-to-treat population (patients who received 1 dose) and on patients with available HCV RNA data at posttreatment week 12, excluding those with nonvirologic failure (as-observed population). Safety analyses were performed on the intention-totreat population. Efficacy and safety measures were processed with descriptive statistics.
Results
PATIENTS
A total of 77 patients comprising 62 transplant recipients with recurrent HCV infection and advanced fibrosis (81%) and 14 patients with chronic HCV infection and decompensated Child-Pugh class C cirrhosis (18%) were enrolled and received treatment. One additional patient with Child-Pugh class B cirrhosis at screening, whose hepatic function had previously improved from Child-Pugh class C cirrhosis, was also included by a protocol exemption; data on this patient are included in the overall program demographic, safety, and efficacy summaries but not in individual cohort efficacy and safety summaries.
Among these 77 patients, median age was 61 (range, 34-79) years, and the majority were male (n 5 60/77, 78%), Caucasian (n 5 65/77, 84%), and prior HCV treatment recipients (n 5 43/77, 56%). The most common HCV genotypes were 1a (n 5 38/77, 49%) and 3 (n 5 26/77, 34%); genotype 3 was more common among patients with decompensated Child-Pugh class C cirrhosis (n 5 10/14, 71%) versus transplant recipients (n 5 16/62, 26%). Median HCV RNA at baseline was 6.2 (range, 0-8) log 10 IU/mL. No patient was coinfected with human immunodeficiency virus.
Baseline demographic and disease characteristics in the overall program population and individual patient cohorts are presented in Table 1 . Patient histories were typically complex for patients with decompensated cirrhosis or liver transplant recipients with recurrent HCV infection and advanced fibrosis/cirrhosis or FCH. Markers of advanced liver disease were more frequently observed among patients with decompensated ChildPugh class C cirrhosis versus transplant recipients, including platelets <100,000 3 10 9 /L (n 5 9, 64% versus n 5 21, 34% patients) and albumin <3.2 g/dL (n 5 8, 57% versus n 5 23, 37% patients); median MELD scores (where available) were also higher among patients with decompensated Child-Pugh class C cirrhosis (score 14, range, 8-25; n 5 11) versus transplant recipients (score 9, range, 6-19; n 5 30). By contrast, median creatinine levels were generally comparable between both cohorts, while rates of prior hepatocellular carcinoma were higher among transplant recipients (31%; n 5 19) versus patients with decompensated Child-Pugh class C cirrhosis (7%; n 5 1). Among the transplant recipients, 4 were dual liver/ kidney transplant recipients and 9 had FCH. All 4 dual transplant recipients had diabetes, 3 had cirrhosis, and all completed treatment; median creatinine clearance in these patients was 73.3 (range, 55.5-91.2) mL/minute/1.73 m 2 . Of the 9 patients with FCH, 3 had genotype 3 infection and 3 had hepatocellular carcinoma at the time of organ liver transplant, 4 had diabetes, and 1 was a dual kidney/liver transplant recipient. Further demographic details of the liver transplant recipients who were also kidney transplant recipients and/or had FCH are presented in Supporting Table S1 .
RBV was added to the treatment of 7 patients (9%), including 4 liver transplant recipients. Compared with patients not given RBV, recipients of RBV were more commonly infected with genotype 3 (n 5 4/7, 57% versus n 5 22/70, 31%), treatment experienced (n 5 6/7, 86% versus n 5 37/70, 53%), and had higher MELD (10) scores (n 5 5/7, 71% versus n 5 20/70, 29%); all 3 RBV recipients with decompensated Child-Pugh class C cirrhosis were infected with genotype 3, were treatment experienced, and had MELD scores >10.
Immunosuppressant use among liver transplant recipients included tacrolimus (n 5 41, 66%), cyclosporine (n 5 15, 24%), everolimus/sirolimus (n 5 7, 11%), and mycophenolate mofetil/mycophenolic acid (n 5 24, 39%). Approximately half of the patients received tacrolimus, cyclosporine, or everolimus/sirolimus as monotherapy and half in combination with mycophenolate mofetil/mycophenolic acid.
Of the overall 77 patients enrolled into the program, 63 (82%) completed 24 weeks of treatment, while 14 (18%) discontinued early due to AEs (n 5 10, including two deaths on treatment and four deaths during follow-up; see safety section for further detail), loss to follow-up (n 5 1), liver transplantation (n 5 1), denial of insurance for 12 additional weeks of SOF (n 5 1; patient achieved SVR12), and preliminary approval of SOF only (n 5 1; patient received SOF for only 4 days). Virologic outcome was available for 67 of 77 patients (87%), including 7 who discontinued. Patient dispositions stratified by cohort are presented in Fig. 1A ,B.
EFFICACY OUTCOMES
A total of 64/77 patients (83%) who received at least one dose of treatment (intention-to-treat population) achieved SVR12. Eighty-four percent (n 5 64/76) of patients achieved SVR12 in the mITT population, including 90% of liver transplant recipients (n 5 56/62) and 62% of patients with decompensated Child-Pugh class C cirrhosis (n 5 8/13). The SVR12 rate increased to 96% (n 5 64/67) when nonvirologic failures were excluded (as-observed analysis; Table 2 ), 97% among liver transplant patients (n 5 56/58), and 89% among patients with decompensated Child-Pugh class C cirrhosis (n 5 8/9). Observed SVR12 rates were 95% when nonvirologic failures were excluded, irrespective of HCV genotype, in the overall population (Table 2) . Of the 26 patients with genotype 3 infection, 23 had virologic outcome data available; SVR12 was achieved by all 16 patients in the transplant cohort and 6/7 (86%) patients with decompensated ChildPugh class C cirrhosis. One patient who also received RBV experienced viral breakthrough; 2 patients were lost to follow-up, and 1 received treatment for less than 1 week. In the overall population, SVR12 was achieved by all 14 patients without cirrhosis and 81% (n 5 39/48 [mITT]) of those with cirrhosis; the observed SVR12 in patients with cirrhosis was 95% (n 5 39/41). Prior treatment experience status did not influence SVR12.
Virologic outcome was available in 6 of the 7 patients who received RBV, 5 of whom achieved SVR12, including 3 with genotype 3 infection. Of the 9 patients who had FCH in the overall population, 4 completed treatment, 3 discontinued early due to AEs (single cases of headache, pruritus, and sepsis [death]; none were related to treatment), and 2 discontinued for other reasons (insurance denial, preliminary approval of SOF only); overall outcomes were available for 9 patients, while virologic outputs were available for 7 patients, 6 of whom achieved SVR12. General improvements from baseline in MELD scores and bilirubin levels were observed (data not shown), and bilirubin normalization prior to the end of treatment was observed in 4 patients. All 4 patients in the overall population who were dual liver/kidney transplant recipients completed treatment, achieved SVR12, and had stable creatinine clearance rates; given the low number of these patients, caution should be used when interpreting these results. Among the 15 patients who discontinued, 6 liver transplant recipients who discontinued due to AEs (n 5 4) or other reasons not reported (n 5 2) achieved SVR12; treatment duration in these patients ranged from 69 to 166 days. Virologic breakthrough was observed in 1 patient; 2 were lost to follow-up either on treatment (n 5 1) or posttreatment (n 5 1).
VIROLOGIC FAILURE
Virologic breakthrough was reported in 1 patient with decompensated Child-Pugh class C cirrhosis and genotype 3 infection who received DCV1SOF1RBV for 16 weeks. One case of nonresponse and one relapse (HCV RNA detected at posttreatment week 12 visit) were also observed in 2 liver transplant recipients treated with DCV1SOF for genotype 1 infection. Genotypic assessments of resistance-associated variants at baseline and at failure were not routinely assessed in this program.
SAFETY
The program's safety profile reflected the severity of ongoing disease among patients with life expectancies of less than 12 months at enrollment (Table 3) .
AEs were reported in 91% of patients overall ( Table 3 ). The most common were nonspecific, such as fatigue, headache, and nausea. AEs were more common among patients receiving DCV1SOF1RBV therapy; however, few patients (n 5 7) received this therapy and all had advanced liver disease. No AEs of graft transplant rejection were reported. Two patients receiving DCV1SOF therapy experienced an AE of acidosis. One patient experienced acidosis 1 day after discontinuing treatment due to pruritus; a second patient experienced acidosis within 7 days of experiencing an SAE of chronic renal failure. Neither patient had an AE of liver failure; however, both had some evidence of advancing liver disease/hepatic decompensation. There is no evidence or report that these events were related to treatment (see Supporting Table S3 for further details). AEs that occurred in more than 1 patient with FCH included headache (6 patients); urinary tract infection and pyrexia (4 patients each); pruritus, diarrhea, anxiety, and impaired memory (3 patients each); and hypertension, nausea, asthenia, nasopharyngitis, weight loss, back pain, tremor, and hepatic enzymes increased (2 patients each).
AEs led to the discontinuation of treatment in 10 of 77 patients (13%) overall and included headache, pruritus, small-intestinal obstruction, hemodialysis, renal failure (n 5 2), hepatorenal failure, cardiac arrest, death due to hepatic failure, and sepsis (fatal). All AEs leading to discontinuation, except one event of renal failure, were considered unrelated to treatment, and three (headache, pruritus, and sepsis) occurred in patients with FCH.
SAEs, which occurred in 30 patients (39%), were more frequent among patients with decompensated Child-Pugh class C cirrhosis (n 5 10/14, 71%) versus transplant recipients (n 5 19/62, 31%). SAEs considered treatment related were hyperkalemia with acute renal failure in 1 liver transplant recipient (who recovered from both events) and renal failure in 1 patient with decompensated cirrhosis (resulting in death).
Most SAEs were directly or indirectly related to ongoing advanced liver disease.
Five patients enrolled per protocol died during treatment (n 5 1) or during follow-up after discontinuation for AEs (n 5 4); these patients' demographics and medical histories are presented in Supporting  Table S2 . All 5 patients enrolled per protocol had decompensated liver disease, 2 of whom were also liver transplant recipients. In addition, the patient who was enrolled as a protocol exemption also died during treatment after experiencing an SAE of cardiac arrest.
Discussion
This U.S. early access program provided clinically relevant real-world data describing the effectiveness and safety of DCV1SOF6RBV in challenging-totreat patients with advanced liver disease. The program was designed and conducted in partnership with the HCV-TARGET consortium (NCT01474811), which has recently published several articles unrelated to this study describing the effectiveness and safety of SOFcontaining direct-acting antiviral-only regimens in patients with HCV infection treated in real-world settings. (13) (14) (15) (16) (17) This unique program design permitted the *Includes one patient with a history of Child-Pugh class C cirrhosis who had Child-Pugh class B cirrhosis at screening and was enrolled by a protocol exception; patient is included in overall data but not individual cohort data (patient was a transplant recipient). † Hemodialysis, headache, hepatorenal failure, pruritus, small-intestinal obstruction, death (hepatic failure), sepsis (all unrelated), renal failure (n 5 2; one event was possibly treatment related); includes cardiac arrest in patient included as a protocol exception (event led to discontinuation and eventual death [unrelated] ). ‡ Includes serious AE of cardiac arrest in patient enrolled as a protocol exception; serious AEs considered treatment related were hyperkalemia with acute renal failure in a single patient and renal failure in another patient.
§ Includes cardiac arrest in patient enrolled as a protocol exception; hepatorenal syndrome, hepatic failure, sepsis, hepatocellular carcinoma, cardiac arrest (all unrelated), and multiorgan failure (possibly related).
use of existing infrastructure to facilitate the protocol without third-party clinical research support and provision of access to DCV to highly experienced investigators offering potentially beneficial treatment to patients who were most in need. The overall mITT response rate to DCV1SOF6 RBV in this cohort, following a nominal treatment period of 24 weeks, was 84%, which is comparable to 24-week European mITT data for this regimen in patients with advanced liver disease from the European Union Compassionate Use Program (EU-CUP) (12) and the French Authorisation Temporaire d'Utilisation (ATU) early access program. (19) The majority of treatment failures were for liverassociated deaths or discontinuations due to AEs rather than virologic failure. When nonvirologic treatment failures were excluded, only 3 of 67 patients experienced virologic failure. SVR12 rates among the patients with decompensated Child-Pugh class C cirrhosis and liver transplant recipients in the as-observed analyses were 89% (n 5 8/9) and 97% (n 5 56/58), respectively. Most patients with decompensated Child-Pugh class C cirrhosis (71%) had genotype 3 infection, consistent with the perceived unmet need for this population. Both the mITT and as-observed SVR12 rates for patients with decompensated ChildPugh class C cirrhosis were consistent with the mITT (67%) and as-observed (80%) rates observed among a small (n 5 6) sample of patients with Child-Pugh class C cirrhosis and genotype 3 infection in the French ATU program. (19) Overall SVR12 among genotype 3-infected patients from both cohorts was 88% (mITT; 96% as-observed), which is also consistent with data for genotype 3-infected patients in both the ATU and EU-CUP cohorts.
It is not possible to evaluate the impact of RBV on response in this data set due to the small number of patients and their nonrandomized allocation. However, the lower mITT response rate with or without RBV among patients with decompensated Child-Pugh class C cirrhosis (62%) versus liver transplant recipients (90%) is consistent with the 50% intention-to-treat rate of SVR12 among patients with Child-Pugh class C cirrhosis who received 12 weeks of DCV1SOF1RBV in the Phase III Daclatasvir, Sofosbuvir, and Ribavirin in Cirrhotic Participants and Participants Post-liver Transplant (ALLY-1) study, although there were differences in length of therapy and use of ribavirin. (5) Among the 9 patients with FCH, 6 of 7 patients with available virologic outcomes achieved SVR12; 1 patient was a nonresponder. In the Compassionate Use of Protease Inhibitors in Viral C Liver Transplantation (CUPILT) study, all 15 liver transplant recipients with FCH who received DCV1SOF achieved SVR12. (20) Overall, DCV1SOF6RBV was well tolerated, and no unique safety events were reported despite the high proportion of patients with advanced liver disease. The majority of SAEs were directly or indirectly related to ongoing advanced liver disease, while the majority of SAEs and discontinuations were attributable to ongoing disease progression. The majority of deaths during this program were not related to treatment, and all the deceased patients had histories of decompensated liver disease along with other comorbidities. Safety outcomes were generally similar between patients with decompensated Child-Pugh class C cirrhosis and liver transplant recipients.
Limitations of this program were similar to that of most real-world observations. These included nonrandomized treatment allocation, the use of RBV at the physicians' discretion (resulting in imbalanced sample sizes that complicated assessments of RBV), limited requirements for data capture (that may have led to under-reporting of safety events), and the lack of an analysis of baseline resistance-associated variants and their impact on the virologic outcome. However, despite these limitations, the study cohorts represent challenging-to-treat populations with advanced liver disease treated with an all-oral direct-acting antiviral combination in a real-world setting. The findings are consistent with the results of clinical trials evaluating DCV1SOF6RBV, despite the inclusion of a broad spectrum of patients that registration trials do not commonly capture, such as patients with Child-Pugh class C cirrhosis with genotype 3 infection.
Overall, these data from a patient population from the United States expand and corroborate the existing EU real-world compassionate use data for DCV1SOF6RBV in a small but more clinically advanced population comprising patients with decompensated Child-Pugh class C cirrhosis and posttransplant patients with advanced liver damage from HCV recurrence. Virologic failure was uncommon among both cohorts (one case of nonresponse and one relapse in transplant recipients with genotype 1 infection, and one case of viral breakthrough in a patient with decompensated cirrhosis and genotype 3 infection who received DCV1SOF1RBV for 16 weeks), and the majority of treatment failures, particularly among the patients with decompensated Child-Pugh class C cirrhosis, were due to AEs or death attributable to ongoing baseline disease. This suggests that advanced pretransplant liver disease does not necessarily preclude a virologic response to DCV1SOF6RBV. Given the higher rate of nonvirologic failure in advanced decompensated cirrhosis, further study will be required to establish the risk-benefit balance of treating clinically advanced patients awaiting a transplant versus treating the posttransplant recurrence on a case-by-case basis, subject to the availability of donor organs. A recent study suggested that a preemptive strategy may be effective in patients with genotype 1 infection immediately posttransplant. (21) Alternative treatment options in patients like those included in this program are limited. Paritaprevir-and elbasvir/grazoprevir-based regimens are not approved for the treatment of patients with decompensated cirrhosis. Similarly, elbasvir/grazoprevir and paritaprevir, ritonavir, and ombitasvir with or without dasabuvir or ribavirin are not approved in patients with posttransplant reinfection with either compensated or decompensated cirrhosis, respectively. (8) In addition, the combination of SOF with velpatasvir has not yet been studied in patients with Child-Pugh class C cirrhosis or transplant recipients, (22) and SOF in combination with ledipasvir is not a recommended regimen for the treatment of genotype 3 infection. (8) Taken collectively, these observations suggest that DCV1SOF6 RBV may have advantages over other available regimens for the treatment of patients with advanced disease characteristics, such as advanced cirrhosis and/ or posttransplant recurrence, especially in patients with genotype 3 infection. Furthermore, several of the next line of therapies that are likely to be approved may not offer further advantage in the treatment of such patients due to the inclusion of protease inhibitors, which are not recommended in patients with decompensated cirrhosis. (23) In summary, DCV1SOF6RBV achieved high SVR12 rates and a favorable safety profile in a population of patients with life-threatening liver disease and high unmet needs.
